Phagocytosis of Dictyostelium discoideum studied by the particle-tracking method.
Single phagocytic events of cellular slime mold Dictyostelium discoideum were studied by the method of particle tracking. A 2-microm polystyrene bead, which had been covalently coated with folate, was attached to the advancing edge of a Dictyostelium ameba with the aid of an optical trap. The bead was transported backward on the cell surface. Forty-five percent of the transported beads were internalized. The bead motion was analyzed by determining every 33 ms the x-y coordinate of the centroid of the phase-contrast image of the bead. The x(t) and y(t) traces were smoothed over 1 s and the difference between the smoothed (x(t) and y(t)) and the original traces, delta(x) identical with x(t) - x(t) and delta(y) identical with y(t) - y(t), were calculated, which represented relatively rapid components of the bead motion. The plot of delta(2) = (delta(x)(2) + delta(y)(2)) against time could be divided into three phases on the basis of the variance of delta(2). Comparison of the plot with the video sequence indicated that the first phase corresponded to the transport, the second phase to the internalization, and the third phase to the postinternalization process (intracellular movement). Cytochalasin A at 5 microM completely inhibited phagocytosis without affecting the binding of bead to the cell surface, indicating the importance of actin cytoskeleton in all the phases. At 1 microM cytochalasin A the variance of the postinternalization process decreased, and the duration of the transport phase increased. At 0.25 microM cytochalasin A the duration of the internalization phase exhibited a significant increase, but other parameters did not change appreciably. The complex and differential effects of cytochalasin A on the parameters characterizing the three phases in the phagocytic process indicate that various aspects of actin dynamics are involved in the individual process of phagocytosis.